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ABSTRACT 
The purpose of this investigation was to experimen-
tally determine heat transfer coefficients across inter-
faces, including the effects of the thermal conductivity of 
the adherends, the hardness of the adherends, the bond 
thickness, and the type of adhesive. 
Aluminum alloy, steel, copper, and extruded nylon rods 
were used as adherends; all 1.875 inches diameter and 8 
inches long. Each was cut radially at its midpoint and 
faced off to the desired surface finish. Bare interface 
tests were conducted before the adherends were bonded to-
gether. The adhesives used were high grade silica refrac-
tory cement, two-part epoxy resin adhesive, and thermo-
setting synthetic rubber-phenolic base adhesive. 
An electrical resistance heater was placed on top of 
the test cylinder to furnish heat and a constant tempera-
ture water bath was used to conduct the heat away from the 
bottom of the test cylinder. An aluminum alloy tube was 
placed around the test cylinder as a radiation shield and 
to reduce convective currents. A transite pressure pipe 
was placed around this to further minimize losses and pro-
vide firm perimeter protection. 
Temperature gradients through the test cylinders were 
determined by the use of twelve iron-constantan thermo-
couples located at pre-designated spacings. Heat flows 
iii 
were then calculated by using Fourier's Law, the measured 
temperature gradients, and the thermal conductivities of 
the adherends. The thermal resistance was determined for 
bare and bonded interfaces. The heat losses across the 
interface were less than 5 per cent for all tests. 
The following conclusions were made as a result of 
this investigation. The thermal resistance of the bonded 
interface increased as the bond thickness was increased. 
The thermal resistance decreased as the thermal conductiv-
ity of the adherend increased and the hardness decreased. 
An interface bonded with silica cement showed the least 
thermal resistance. The thermal resistance of an epoxy 
resin bond was consistently less than that of a bare inter-
face for all materials bonded. 
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The present trend is toward the increased use of vari-
ous types of adhesives as fasteners. Most manufacturers 
are able to furnish information on the physical and elec-
trical properties of adhesives but there is very little 
information available on their heat transfer characteris-
tics. The aircraft and space industries are especially in 
need of data pertaining to the thermal characteristics of 
adhesives for joint designs in advanced applications. 
In many applications the problem of the thermal re-
sistance to heat transfer through an interface is either 
neglected, or experiments are conducted on specific prob-
lems to obtain usable data. The mechanism of heat transfer 
across an interface is complicated by many different vari-
ables. The most important factors are: (l) surface rough-
ness, (2) surface flatness, (3) mean interface temperature, 
(4) heat flow across interface, (5) contact pressure, 
(6} properties of the material in contact and (7) inter-
stitial fluid. Considerable research has been done on the 
problem of thermal resistance across interface but most of 
it has been concerned with the heat transfer across bare 
contacts in air ana vacuums. Some research has been con-
ducted with various types of shims or filler material be-
tween joints, but few investigations have been concerned 
entirely with the thermal resistance of adhesive bonds. 
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This thesis is concerned with the problem of thermal 
resistance through an interface bonded with an adhesive. 
Specifically, the effect of the bond thickness, type of 
material bonded, and type of adhesive used were investi-
gated. 
One of the typical problems in contact thermal resist-
ance is that of heat dissipation for power transistors in 
a space environment. John and Hilliard (22)* conducted 
tests with various types of filler material between the 
transistor and the heat sink. They concluded that the most 
effective filler for reducing the thermal resistance was a 
BeO washer and strips of indium foil between the BeO washer 
and the heat sink and between the BeO washer and the tran-
sister. Soldered contacts were also investigated, and 
found to be very effective in reducing the contact thermal 
resistance. However, the BeO washer had to be metallized 
and then copper- or silver-plated before soldering. 
In investigating contact thermal resistance, Henry and 
Fenech (19) used an analog computer to determine effects of 
the various surface parameters which were included in a 
theoretical analysis developed by Fenech and Rohsenow (14). 
Experimental tests for load pressures from 100 to 20,000 
psi demonstrated the usefulness of their equation in pre-
dieting thermal resistance across interfaces. 
*Underlined numbers in parenthesis indicate references 
listed in the Bibliography. 
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Clausing and Chao (12) conducted thermal contact re-
sistance tests in a vacuum environment. One of the results 
of their experiments was that, for the majority of engi-
neering applications, the macroscopic constriction such as 
flatness deviation of the surface was the predominate pa-
rameter in the thermal resistance of interfaces. This con-
clusion applies to bare interfaces in either air or a 
vacuum, or where the film between the interface is thin. 
Barzelay, Tong and Hollo (~) ran experiments on the 
thermal conductance of aircraft joints. Their tests were 
run at a constant contact pressure and the variables inves-
tigated were heat flow, temperature drop, temperature level 
and surface condition. Some of the conclusions were: 
(1) Interface thermal conductance increases with the mean 
temperature level, while it remains approximately constant 
with changes in heat flow. (2) Thin foils of good conduct-
ing materials inserted between the interfaces improve the 
heat transfer noticeably. (3) The smoother the contact 
interfaces, the higher will be the conductance. (4) Across 
the interface joints, none of the three modes of heat trans-
fer (namely metal conduction, air-film conduction, and 
radiation) has any predominance over another. (5) Common 
strength giving bonding materials produce joints with very 
poor thermal conductivity. 
Barzelay, Tong and Holloway (2)conducted experiments 
on the effect of pressure on thermal conductance of contact 
joints. In this series of tests they concluded that the 
thermal conductance of the interface joint increased with 
pressure. This increase is appreciable at low pressures 
but levels off at higher pressures. 
In an investigation of the thermal conductivity of 
aluminum honeycomb material, Dunkle, Gier and Bevans (13) 
determined the thermal resistance of an adhesive bond that 
attached the facing to the honeycomb core. They concluded 
that the thermal resistance of the bond was dependent on 
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the cell size of the core material. Their results were 
consistent for taped bonds, but some inconsistency was noted 
in their data for liquid adhesive bonds. This was explained 
as being due to variations in the amount and thickness of 
the adhesive used. 
Janssen and Torborg (20) investigated the thermal con-
ductivities of various epoxy plastics. Their tests produced 
thermal conductivities ranging from .15 Btu/hr sq ft °F/ft 
to .88 Btu/hr sq ft °F/ft. The epoxy with 75% silica fill 
was found to have a thermal conductivity of almost six times 
that of an epoxy without silica fill. 
stubstad (40) experimented with various types of filler 
material between interfaces in a vacuum. He tested twenty-
five different fillers and concluded that, at pressures 
below 10 psia, greased surfaces gave the highest contact 
conductance. However, he did not check any type of adhesive 
filled joints. 
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Petri (29) compared the joint thermal conductivity in 
a1r and in a vacuum and found that the difference was small. 
The trend in his data indicated that the difference in ther-
mal conductivity in air and a vacuum decreased as contact 
pressure increased. 
Shlykov and Ganin (38) conducted tests on the thermal 
contact resistance across the bare interfaces of several 
materials. The materials tested by them were dural, copper, 
steel and stainless steel. They concluded that for soft 
metals with high heat conductivities, the basic heat flow 
in the contact zone passes through the area of actual con-
tact; while for hard metals with low heat conductivities, 
the heat is mainly passed through gas. 
In an earlier series of experiments Shlykov, Ganin and 
Demkin (39) concluded that the decrease of thermal contact 
resistance in relation to increased pressure is caused more 
by an increase of the actual contact area than by a reduc-
tion of the interstitial gas layer thickness. 
Jansson (21) investigated the thermal resistance of 
aluminum and beryllium interfaces. He conducted tests in a 
vacuum, with and without filler material between the alumi-
num and beryllium. The filler materials tested were gold 
leaf, aluminum leaf, lead foil, epoxy cement, and indium 
foil. His results showed that indium foil placed between 
the interfaces reduced the thermal resistance more than any 
of the other materials tested. In the test on the epoxy 
cement he concluded that increasing the contact pressure 
did not appreciably affect the thermal resistance. 
Lewis (26) investigated the effects of various types 
of adhesives on interface thermal resistance with aluminum 
alloy specimens. He also investigated the effects of pres-
sure and temperature on the thermal resistance of an adhe-
sive bond. However, the majority of his tests were run at 
a low cure pressure. Lewis concluded that the rigid ther-
moset adhesives such as epoxies have a lower thermal re-
sistance than a bare interface. 
Using epoxy cement as the adhesive, Schwaller (~) in-
vestigated the effects of surface roughness and cure pres-
sure on the thermal resistance of adhesive bonds. He con-
cluded that increasing the cure pressure decreased the 
thermal resistance. Schwaller also determined that the 
thermal resistance increased as the surface roughness in-
creased. 
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Various discrepancies in the results of the references 
on the value of the thermal resistance of contact joints 
point out that most of the data cannot be used quantita-
tively unless the exact experimental conditions are dupli-
cated. However, most of the references agree qualitatively 
on the effects of the various parameters to be considered 
~n the thermal resistance of contact joints. They are: 
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{1) Increasing the surface roughness, increases the thermal 
resistance. (2) Increasing the contact pressure decreases 
the thermal resistance. (3) Increasing the mean interface 
temperature decreases the thermal resistance. (4) Increas-
ing the deviation from a flat surface increases the thermal 
resistance. {5) Properties of the material and the inter-
stitial fluid affect the thermal resistance. 
Most of the parameters listed above also apply to 
interfaces bonded by adhesives. It is the intent of this 
thesis to investigate specific parameters pertaining to the 
thermal resistance of adhesive bonds. 
DESCRIPTION OF APPARATUS 
The purpose of the apparatus was to provide a method 
of measuring the thermal resistance of various types of 
bonds between the metals and non-metals. The equipment 
set-up is shown in Fig. 1 and a schematic of the apparatus 
is shown in Fig. 2. An electrical resistance heater was 
used as the heat source at the top of the test cylinder. 
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At the lower end of the test cylinder a constant temperature 
heat sink conducted the heat away. The test cylinder was 
enclosed in an aluminum tube to minimize radial heat losses 
due to convection and radiation. A transite pressure pipe 
was used to enclose the radial heat shield and the test 
cylinder. It served to further minimize radial heat loss 
and to form a rigid support. 
Specimen: 
For this investigation, steel, aluminum alloy, copper, 
and extruded nylon test cylinders were used. The test 
cylinders were cut radially at their midpoints and faced to 
the desired surface finish. The bare interface tests were 
conducted before bonding with adhesives. The adhesives 
used were resin base epoxy, high grade silica cement, and 
thermosetting rubber base adhesive. The specimen composi-
tion and type of adhesive used for each specific test are 
shown in Table I. The bond thickness of the specimens was 





Run Test Material Thickness Adhesive 
1 Bond Thickness 7075-T6 Aluminum .001 Epoxy Base* 
2 Bond Thickness 7075-T6 Aluminum .003 Epoxy Base 
3 Bond Thickness 7075-T6 Aluminum .004 Epoxy Base 
4 Bond Thickness 7075-T6 Aluminum .005 Epoxy Base 
5 Bond Thickness 7075-T6 Aluminum .006 Epoxy Base 
6 Bond Thickness 7075-T6 Aluminum .006 Epoxy Base 
7 Bond Thickness 4140 Steel .004 Silica Cement 
8 Bond Thickness 4140 Steel .010 Silica Cement 
9 Bond Thickness 4140 Steel .014 Silica Cement 
10 Bonded Material Copper (99.9%) 
11 Bonded Material Copper (99.9%) 
12 Bonded Material 7075-T6 Aluminum 
13 Bonded Material 7075-T6 Aluminum 
14 Bonded Material 4140 Steel 
15 Bonded Material 4140 Steel 
16 Bonded Material Nylon 101 
17 Bonded Material Nylon 101 
18 Adhesive 4140 Steel 
19 Adhesive 4140 Steel 
20 Adhesive 4140 Steel 



















Epoxy Base - Ray-Bond R-86025, a two-part epoxy amine cure 
Silica Cement - Sauereisen Insa-Lute Hi Temp. Cement, No. 7. 
Thermosetting - Ray Bond R-81001 - Phenolic Resin -
Synthetic Rubber Base 
Fig. 1 Exper imental apparatus as set up 
for thermal resistance t esting . 
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-::.: Water in 
Fig. 2 Assembly view of Apparatus 
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with a vernier caliper before and after bonding. 
All of the test cylinders were dimensionally the same. 
Each test cylinder had twelve thermocouples located as shown 
in Fig. 3. Three thermocouples were located at each of four 
positions along the length of the test cylinder so an accu-
rate temperature distribution could be determined for each 
test. These locations were measured with a vernier caliper. 
Three additional thermocouples were placed at the top and 
bottom of the test cylinder to aid in determining when 
steady state had been reached. 
Heat Source: 
An electrical resistance heating coil was mounted on a 
cylindrical aluminum alloy block to supply heat to the test 
cylinder. The cylindrical block was tee-shaped, 3 1/4 
inches in diameter at the face of the coil, and was 2 
inches in diameter where it contacted the test cylinder. 
The mass of the block helped to establish and maintain a 
uniform heat source by distributing the heat and offsetting 
the effects of any transients in the coil. 
A thermocouple was placed in the block to monitor the 
heat source temperature. A wattmeter was used to monitor 
the power input to the heating coil. 
To control the amount of power to the heating coil a 














THERMOCOUPLE HOLE SPACING 
Type of Test A B c Cylinder 
Metal 2.000 1.250 .188 
Nylon .625 .625 .188 
Fig. 3 Thermocouple Locations in Test Cylinder 
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used. A sensing thermocouple for the set point unit was 
placed below the bonded interface and the controller main-
tained the interface at the preset temperature. The cir-
cuit diagram is shown in Fig. 4. 
Heat Sink: 
A cylindrical aluminum bar, 3.25 inches in diameter 
and 8 inches long, with an aluminum tube pressed on the 
bottom was used as the heat sink transfer element. The top 
of the cylindrical bar was tapered at 45° to a two inch 
diameter. A l/8 inch aluminum rod was pressed in a hole 
drilled at the center of the heat sink top. This was to 
provide a firm base for the bottom of the test cylinder. 
Eight 1/2 inch holes were drilled at forty-five degree 
angles in the tube to form passages for the cooling water. 
The heat sink transfer element was positioned in the 
center of the coolant tank. Constant temperature tap water 
entered the coolant tank at the bottom under sufficient 
pressure to cause a swirling effect up the transfer element. 
The water was drained off at the top of the tank. A pressed 
fiber-top was placed over the coolant tank to retard any 
effects of the air movement caused by the swirling water. 
The heat sink and coolant tank are shown in Figs. l and 2. 
Radial Heat Shield and Base: 
An aluminum tube, 3-11/16 inches inside diameter, was 
placed around the outside of the test cylinder to reduce 
wattmeter 
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radial heat losses due to air convection and radiation. A 
flat aluminum disc with a hole l. -~ .. the center for the heat 
source was placed over the top of this tube to further 
reduce air movement. 
The base for the apparatus consisted of three 14 inch x 
14 inch pieces of plywood fastened together in such a manner 
that the apparatus was supported above the coolant tank. A 
transite pressure pipe was mounted as shown in Fig. 2 to 
further reduce radial heat losses and provide firm perimeter 
protection for the test cylinder and heat shield. A cylin-
der made of aluminum sheeting was placed concentri;,:_;ally 
around the transite pressure pipe. This cylinder was filled 
with glass wool to reduce heat transfer to the lower end of 
the test cylinder. 
Thermocouples: 
Twenty-five iron-constantan thermocouples were used to 
determine the temperature distribution in the test cylinder, 
the temperature drop across the interfaces, and to monitor 
the heat source, heat sink and heat shield temperatures. 
The thermocouples were made by using a resistance welding 
technique to insure that a point reading was obtained. A 
32°F ice and water mixture was used as a reference for the 
thermocouples. The temperature of the mixture was monitored 




A Type Pac Profilometer and a Type V Mototracer using 
a type M tracer head was used to measure the surface rough-
ness of the interfaces and of all adherends. An electrical 
resistance heater constructed of nichrome heating wire and 
enclosed in a 4 inch I. D. transite pipe was used to heat 
the specimens for the cure cycle. A Riehle press was used 
to apply the predetermined pressure while the specimen was 
curing. An iron-constantan thermocouple was used with a 
Rubicon potentiometer to monitor the bond line temperature. 
A variable rheostat was used in series with the heater so 
the desired temperature could be obtained. The set-up for 
curing the test cylinders is shown in Fig. 5. 
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Fig. 5 Cure Cycle Apparatus 
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EXPERIMENTAL PROCEDURE 
The twelve thermocouples were inserted and secured in 
the prepared test cylinder in the predesignated arrangement. 
The test cylinder and thermocouples were then set on top of 
the heat sink. A strip of aluminum foil was placed between 
the test cylinder and the heat sink to insure good conduc-
tion between them. Another strip of aluminum foil was 
placed on top of the test cylinder before placing the heat 
source on the test cylinder. The aluminum disc used to 
reduce air movement was then placed on top of the radial 
heat shield and the test cylinder. After placing the heat 
source on top of th~ test cylinder a weight (equivalent to 
10 psi) was applied to insure good contact between all bare 
interfaces and to reduce the possibility of disturbance 
after the test had commenced. 
The set point unit was set to the desired temperature 
and power was applied to the controller. After the approx-
imate desireu interface temperature had been reached the 
controller was set to manual control and minute adjustments 
were made until steady state had been reached. It took ap-
proximately four hours to attain steady state. 
After steady state had been reached, the temperatures 
of the test cylinder therrnocouples were recorded with a 
Continuous Balance Brown Electronic Recorder. The recorder 
was calibrated with a Rubicon Potentiometer before each 
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test. Temperatures of the heat source, the heat sink, and 
the radial heat shield were also recorded after steady 
state had been reached. The procedure for all tests was 
the same and the same interface temperature was maintained 
for all tests. 
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EXPERIMENTAL DATA 
The data for the bond thickness test are shown in 
Tables II and III. Cure pressures ranging from 1 psi to 
100 psi were used to obtain the various bond thicknesses 
between adherends. Because of differences in the viscosity 
of the adhesives, different cure pressures were used to ob-
tain the same bond thickness for different adhesives. 
Table IV contains the data for the test with different 
adherend materials. Data were obtained for a bare inter-
face test with each material. The thermal conductivities 
of the adherends were recorded at the mean interface tem-
perature of the respective test. 
Different adhesives were tested with 4140 steel as the 
adherend material, and the data for these tests are shown 
in Table v. As in the bond thickness test, the pressure 
was varied for the different adhesives to obtain a constant 
bond thickness. The adhesive manufactures' recommendations 
were followed for the cure cycle in all tests. 
A pressure of approximately 10 psi was used for all 
runs. The average mean interface temperature for all runs 




Bond Thickness Test 
Run 1 2 3 4 5 6 
Bond 
Thickness .001 .003 .004 .005 .006 .006 (inches) 
Mean Interface 
Temperature op 199.3 195.6 200.0 195.9 195.8 198.9 
Specimen 
Thermocouple Temperature op 
Position 
Heat 2 222.0 221.5 225. 220.6 221.5 224.5 
Meter 
No. 1 3 206.3 203.7 208.9 204.4 205.7 208.1 
Heat 4 192.3 188.0 191.7 187.5 186.5 189.7 
Meter 
No. 2 5 177.0 170.6 175.7 171.3 171.0 173.6 
Material - Aluminum Alloy - 7075-T6 
Adhesive - Two-part epoxy resin base 
Surface Finish - Faced on lathe with stock centered - 15-25 
rms. 




Bond Thickness Test 
Run 7 8 9 
Bond 
Thickness .004 .010 .014 
(inches) 
Hean Interface 
Temperature oF 196.1 198.5 200 
Specimen 
Thermocouple Temperature oF 
Position 
Heat 2 229.0 233.5 238.2 
Meter 
No. 1 3 202.2 206.5 209.7 
Heat 4 190.2 190.7 190.5 
Meter 
No. 2 5 163.7 164.5 162.3 
Material - 4140 steel alloy 
Adhesive - High grade silica cement 
Surface Finish - Faced with surface grinder - 15-25 rms 
Contact Pressure - 10 psi 
TABLE IV 
Experimental Data 







Temperature °F 192.6 
Thermal 
Conductivity 




Heat 2 206.7 
Meter 
No. l 3 199.5 
Heat 4 185.8 
Meter 
No. 2 5 178.7 
Bond Thickness - .004 inches 
Surface Finish - 15-25 rms 
ll 12 13 14 
Cu Al Al St 
X X 
47 150 150 260 
193.1 196.2 194.1 194.6 
228 79.3 79.3 25.6 
T~mperature °F 
208.2 219.7 217.0 229.6 
198.8 203.3 199.7 201.4 
187.3 189.3 188.7 187.5 












Aluminum and copper specimens faced on a lathe by offset method. 

























Different Adhesive's Test 
Run 18 19 20 
Adhesive Silica Epoxy Thermosetting 
Cement Rubber 
Mean Interface 
Temperature (oF) 196.1 195.9 203.5 
Specimen 
Thermocouple Temperature oF 
Position 
Heat 2 229.0 230.0 251.8 
Meter 
No. 1 3 202.2 202.3 223.5 
Heat 4 190.2 189.2 183.8 
Meter 
No. 2 5 163.7 162.0 157.1 
Bond Thickness - .004 inches 
Specimen Composition - 4140 steel 
Surface Finish - Faced on surface grinder 15-25 rms 
Contact Pressure - 10 psi 
SYNTHESIS OF DATA 
Thermal resistance is expressed mathematically for 
steady state conditions as 
R = A 6T 
t Q I (1) 
where Rt is the thermal resistance, 6T is the temperature 
drop, A is the cross-sectional area normal to the flow of 
heat, and Q is the heat transfer rate. 
The cross-sectional area was determined by using a 
26 
two-inch micrometer to determine the diameter. Heat flows 
were determined by using Fourier's Law, the measured tern-
perature gradients, and the thermal conductivities of the 
test cylinders. The thermal conductivities for the differ-
ent materials were taken from Fig. 7, 8, and 9 at the mean 
temperature of each section. The thermal conductivity of 
the nylon test cylinder was given as .142 Btu/hr sq ft °F/ft 
by the manufacturer. 
For determining the thermal resistance, the heat flow 
as obtained from the lower heat meter was used. The tern-
perature drop across the interface was obtained by extrap-
elating from the temperatures measured near the interface 
with Fourier's Law. 
Radial heat losses were assumed to be due to free air 
convection and radiant heat transfer. The difference be-
tween the heat flow through the upper and lower heat meters 
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DISCUSSION OF RESULTS 
The results of the test using epoxy on the effect of 
bond thickness are tabulated in Table VI and shown graphi-
cally in Fig. 9. The curve in Fig. 9 illustrates the de-
pendence of the thermal resistance on the bond thickness of 
the epoxy adhesive. The thermal resistance increases as 
the bond thickness increases. In the results of his inves-
tigation on the effect of cure pressure on the thermal re-
sistance of adhesive bonds, Schwaller (~) remarked that the 
reason for the decrease in thermal resistance with an in-
crease in pressure was probably due to a decrease in bond 
thickness. The results of this investigation confirm this. 
In Table VII and Fig. 10 the results of the bond 
thickness test with the silica cement are shown. As demon-
strated in Fig. 10, the thermal resistance increases with 
an increase in bond thickness. 
The curve in Fig. 9 has a slightly increasing slope, 
indicating that there is no direct dependence on bond 
thickness in this range. For the bond thickness test con-
ducted with the epoxy adhesive, aluminum was used as the 
bonded material. For this test the aluminum specimen was 
faced on a lathe with the stock centered in the headstock 
of the lathe. Although, the rms values of the interfaces 
were uniform, and the interfaces were flat, there could 




Bond Thickness Test 
Run 1 2 3 4 5 6 
Bond 
Thickness 
(inches) .001 .003 .004 .005 .006 .006 
Mean Interface 
Temperature (°F) 199.3 195.6 200.0 195.9 195.8 198.9 
Deviation from 
average (°F) +2.6 -1.1 +3.3 -.8 -.9 +2.2 
Heat 
Meter 




No. 2 (Btu/Hr) 216 
% Radial 
Heat Loss 4.6 
Thermal 
Resistance 
(Hr Sq Ft °F/Btu) 





Material - Aluminum Alloy - 7075-T6 
Adhesive - Two-part epoxy resin base 
232 234 237 
224 223 226 
3.6 5.0 4.9 
.993 1.105 1.105 
Surface Finish - Faced on lathe with stock centered -
15-25 rms 
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Bond Thickness Test 
Run 7 8 9 
Bond 
Thickness 
(inches) .004 .010 .014 
Mean Interface 
Temperature (OF) 196.1 198.5 200.0 
Deviation from 
average (OF) -.6 +1.8 +3.3 
Heat 
Meter 
No. 1 (Btu/Hr) 126 126 134 
Heat 
Meter 
No. 2 (Btu/Hr) 124 123 131 
% Radial 
Heat Loss 1.6 2.4 2.3 
Thermal 
Resistance 
(Hr Sq Ft °F/Btu) 
X 10+3 .585 1.16 1.51 
Material - 4140 steel alloy 
Adhesive - High grade silica cement 
Surface Finish - Faced with surface grinder - 15-25 rrns 
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Bond Thickness, Inches 
Fig. 10 Results of bond thickness test for silica cement bonded specimens 
w 
~ 
caused by cutting tool or lathe irregularities. The re-
sult of a variance in the relative tool to workpiece ve-
locity could also have caused a variation in the surface. 
Fig. 10 illustrates a linear curve indicating that the 
thermal resistance is more directly dependent on the bond 
thickness. The specimen used in the bond thickness test 
with the silica adhesive was steel. The steel specimens 
were faced with a surface grinder making surface irregu-
larities due to maximum peak-to-valley height differences 
less likely. 
The results of varying the bonded material are shown 
in Table VIII and Fig. 11 and 12. On both Fig. 11 and 
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Fig. 12, the results of the bare interface run and the 
bonded interface run are shown. The results of the test on 
nylon are shown in Table VIII only. 
In Fig. 11 the thermal resistance of the bonded inter-
face is plotted against the thermal conductivity of the 
adherend material. The interface thermal resistance de-
creases as the thermal conductivity of the bonded material 
increases. If the number of contact points are the same 
for each material, it is logical that the material with the 
highest thermal conductivity should offer the least inter-
face thermal resistance. 
Fig. 12 is a comparison of the thermal resistance of 




Different Adherend Material 
Run 10 11 12 13 14 15 16 17 
Material Cu Cu A1 Al St St Nylon Nylon 
Bonded X X X X 
Mean Interface 
Temperature (oF) 192.6 193.1 196.2 194.1 .194.6 195.9 113.6 111.3 
Deviation from 
average ( Op) -4.1 -3.6 -.5 -2.6 -2.1 -.8 +1.1 -1.2 
Brinell 
Hardness 47 47 150 150 250 250 
Thermal 
Conductivity 
(Btu/Hr Ft °F) 228 228 79.3 79.3 25.6 25.6 .142 .142 
Heat 
Meter 
No. 1 (Btu/Hr) 305 375 242 258 132 131 .277 .268 
Heat 
Meter 
No. 2 (Btu/Hr) 300 369 234 250 127.5 128 .180 .178 
% Radial 
Heat Loss 1.7 1.6 3.4 3.2 3.5 2.3 53 50 
Thermal 
Resistance 
(Hr Sq Ft °F/Btu) 
X 10+3 .730 .450 .825 .530 .960 .834 57.6 57.6 
Bond Thickness - .004 inches (Epoxy} 
Surface Finish - 15-25 rms 
Aluminum and copper specimens faced on a lathe by offset method 
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material. The thermal resistance increases as the hardness 
of the bonded material increases. The same bond thickness 
was obtained for all specimens and the same contact pres-
sure was used during the test. Therefore any difference in 
the number of contact points and contact area would be due 
to the individual reaction of each material to the same 
pressure. This should be especially true in the bare in-
terface run. 
Since both curves on Fig. 11 show the same trend, it 
seems that the thermal conductivity of the material affects 
the thermal resistance more than the hardness. Since the 
epoxy bond was .004 inch thick it is unlikely that there is 
very much actual metal-to-metal contact. Therefore the 
primary effect of the adherends would be to contribute a 
variable effect to the conductance of the bond due to the 
difference in conductivity of the surface asperities. 
In comparing the effects of different materials on the 
thermal resistance of contacts, Shlykov and Ganin (38) in-
cluded the two factors together and reported that, for soft 
metals with high heat conductivities the basic heat flow in 
the contact zone passes through the area of actual contact; 
while for hard metals with low heat conductivities, the 
heat is mainly passed through gas. 
The difference in the thermal conductivity of air and 
the epoxy cement is the most plausible reason for the epoxy 
bonded interface to have less thermal resistance. Even 
though the interstitial layer was thicker for the bonded 
interface, the difference in thermal conductivity seems 
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to have more than made the difference. Janssen and 
Torborg (20) reported the conductivity of an unfilled 
epoxy as .150 while the thermal conductivity of air at 
200°F is .0182. Using this value, the conductivity of 
epoxy is eight times that of air. Even though the specific 
difference is not known the range of difference is reason-
able. 
Table IX and Fig. 13 show the effect of different ad-
hesives on the thermal resistance of a bonded interface. 
The thermal resistance of the bare interface (Run 14, 
Table VIII) is shown in Fig. 13 for comparison to the 
bonded interface runs. The bonded interfaces using the 
epoxy resin base adhesive and the silica base cement both 
have lower thermal resistances than the bare interface. 
Brunet and Buckland {10) found that a "smooth on" cement 
that they used to bond two blocks of 25 mil silicon steel 
laminations reduced the thermal resistance considerably 
below the bare interface value. Jansson (21) found that 
using epoxy as a filler between aluminum and beryllium 
specimens reduced the thermal resistance. Lewis (26) re-
ported that epoxy base adhesive bonds have less thermal 
resistance than a bare interface. Lewis also investigated 
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Surface Finish - Faced on surface grinder 15-25 rms 
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thermal resistances than the bare interface. This is 
verified by this test with the thermosetting rubber base 
adhesive shown in Fig. 13. Although the exact classifica-
tions of the various adhesives used in the references are 
not known, the general type of adhesive allows a general 
comparison which is in agreement. 
Typical temperature distribution curves for the cop-
per, aluminum, steel, and nylon test cylinders are shown 
in Fig. 14. 
The data for the test run on the nylon specimens were 
not compared to the other tests because of insufficient 
accuracy inherent in the apparatus for that type of speci-
men. Since the thermal conductivity of the nylon specimen 
was so low (.142 Btu/Hr Ft °F), the radial and convective 
heat losses were more significant across the interface. 
However the data does give an estimate of the thermal re-
sistance of an interface formed by a non-metal of low 
thermal conductivity. Bonding the interface with the epoxy 
was not expected to affect the thermal resistance very 
much, but a slight decrease might be observed with a dif-
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CONCLUSIONS AND RECOMMENDATIONS 
Various conclusions as a result of this investigation 
can be made. They are: 
(1) The thermal resistance of an adhesive bonded 
interface increases as the thickness of the bond 
increases. 
(2) The thermal resistance of an adhesive bonded in-
terface is affected by the properties of the ma-
terial being bonded. The results of this inves-
tigation tend to prove that the thermal resist-
ance of an interface (bonded or bare) decreases 
as the thermal conductivity of the material being 
bonded increases and as the hardness decreases. 
(3) An adhesive bonded interface using a high grade 
silica cement has less thermal resistance than 
an epoxy resin base bonded interface, and con-
siderably less thermal resistance than a thermo-
setting synthetic rubber base bonded interface. 
(4) The thermal resistance of an interface bonded 
with epoxy resin base adhesive is less than that 
of a bare interface. 
The results of this investigation can be used quani-
tatively where the same cure and test conditions are met. 
The bond thickness obtained depends on the viscosity of the 
adhesive and the cure cycle. 
As an extension of this research an effort could be 
taken to determine which material property has the most 
effect on the thermal resistance of an adhesive bond. 
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The hardness and the thermal conductivity of the material 
both tend to affect the thermal resistance of an adhesive 
bond, but the proportions of the influence were not deter-
mined conclusively in this paper. To increase the accuracy 
of the data taken it is recommended that the test cylinder 
be enclosed in a vacuum. This would allow faster and bet-
ter control of the apparatus and reduce radial heat losses. 
The testing of bonds between non-metallic solids such as 
nylon should be more easily accomplished in a vacuum. 
Tests should also be conducted by bonding dissimilar 
metals together to determine their effect on the thermal 
resistance of bonds and contacts. 
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